Purpose of Review Telemedicine has played a pivotal role in centralization of trauma care at large trauma centers and trauma systems. The purpose of this review is to highlight the role of telemedicine and virtual education in advancing trauma and emergency education through virtual presence Recent Findings The use of telemedicine has recently revolutionized trauma patient care and education with the introduction of telepresence. The development of telepresence allows experienced trauma surgeons to have a virtual presence in emergency rooms in some of the most remote locations on the planet, providing up-to-date clinical knowledge and training to surgeons working in a remote area that is otherwise not possible. Summary Through this virtual presence, trauma surgeons are able to help direct trauma patient care, advise on diagnostic studies and procedures, and help make appropriate decisions regarding the transfer of trauma patients.
Introduction
Injuries are a leading public health problem worldwide, accounting for an estimated 10 % of global mortality [1••, 2].
Although trauma systems and major trauma centers have been shown to reduce morbidity and mortality [3••, 4], most trauma specialists and trauma centers around the world are concentrated in urban settings [3••, 5] . In resource-poor and remote regions of the world, the lack of equipment, insufficient personnel, and minimal technical resources contribute to a less than optimal environment for acutely injured patients [1• •, 6] . Although only 23-25 % of the US population lives in rural America, 56.9 % of deaths caused by motor vehicle crashes occur in this population [3••, 7] . Furthermore, it is estimated more than 600 people die or sustain long-term disability from traumatic injury in the USA each day with up to 40 % of these deaths predicted as preventable if access to a well-organized trauma system was available uniformly [8, 9] . Although it is difficult to determine one specific reason for such a large discrepancy in trauma care, there are a few factors that definitely contribute to this disparity. First, emergency room personnel in low volume trauma hospitals often have very limited experience with major traumatic injuries, potentially leading to management errors and deviation from standard of care practices. This is largely in part to the lack of training and continuous medical education in these canters [8, 10] . Furthermore, in these remote environments, there is a lack of access to immediate subspecialty care such as trauma surgeons, neurosurgeons, orthopedic, vascular or cardiac surgeons hence delaying definitive care and limiting the ability for continuing education [8, 11] .
Throughout time, man has been driven to develop new technology to make all aspects of people's lives more efficient, productive, and safe. This has definitely been the case in the field of medicine where our knowledge of the human body and how we can help when it is injured continues to expand exponentially. As our improved ability to care for the traumatically injured patient advances, so too must our ability to provide progressive care to all parts of the world.
Amazing advances in communication technology, through the introduction of telepresence, have enhanced the delivery of trauma care around the world. Telemedicine can broadly be defined as the use of telecommunications and information technology to support the transfer and delivery of electronic medical data (i.e., high resolution images, radiographic images, sounds, live video, and patient records) from one location to another to provide healthcare at a distance [3••, 12•, 13•, 14] . The term Btelepresence^describes the ability of health care providers to interact in real time with telecommunication equipment, allowing for immediate feedback and assistance. Telepresence, more specifically, is a subset of telemedicine in which a trauma surgeon is virtually present from a distant location during a real-time live experience [3••].
Trauma physicians and staff are now able to have a virtual presence in emergency and operating rooms around the world, guiding, educating, and collaboratively providing care to injured patients. This technology makes it possible for experienced trauma surgeons or specialists to assist or direct other less-experienced physicians who are operating on or caring for injured patients at a distance [3••]. Use of this new technology may provide access to medical care that might not otherwise be available to remote areas of the world as well as provide needed education for healthcare professionals [15] . Throughout this paper, we will discuss the important advancements that have been made in the care of the injured patient utilizing telemedicine and telepresence, and the implications for the future of trauma management and education.
Smartphones in Trauma
Smartphones have become extremely popular over the past few years, especially in the field of medicine. We know there are over 3 billion cellphone users in the world currently and this number continues to grow. The off-the-shelf technology of cellular phones has integrated its use in our daily lives. Many professions have integrated the use of smartphones to enhance and advance, and this has been seen greatest in medicine. Social media as well as multiple Bmobile apps^have been an integral part of this advancement. The small size, simplicity of use, wide availability, obvious mobility, continuous Internet connectivity, and ease of telecommunication are valuable assets for the applicability of smartphones in telemedicine and virtual presence [16] . In addition, advancements in the ability of smartphones to take pictures or videos have played an integral role in management of the injured patient and trauma education [16] . In many institutions, photographs of patient injuries taken by smartphones have been used daily at sign-out sessions, transferred into patient medical records and utilized for follow-up appointments and continuity of care [16] [17] [18] . This application has enhanced the educational experience of all trauma staff and personnel allowing individuals to see various injuries and how they were managed as opposed to trying to verbally describe the situation. Furthermore, we have been able to use these images during multidisciplinary conferences to help consulting services understand the overall condition of the injured patient prior to, or after, their involvement in order to improve upon patient care. Finally, this application of smartphones allows for better sign-out between trauma teams giving a trauma team that did not see the patient initially the opportunity to become more familiar with the patient, leading to better care and enhanced educational opportunities [16] [17] [18] . Sign-outs are routinely a precarious time for patient care and resident education. A great deal of information can be lost during the sign-out process which eventually hurts resident education and training. The use of smartphones has not only made it easier to reach physicians and staff that have left the hospital, but photographs and videos have provided a new visual element to the communication, stressing the critical nature of a patient's condition.
Smartphones are also very suitable for assisting with teletrauma consultations. The camera provided on newer smartphones is far superior in quality to the old computerbased devices and appliances traditionally used in telemedicine [16] . The high-definition recording, ease of use, sophisticated features, and compact size of smartphones allows them significant mobility making them an extremely valuable tool for providing the best patient care through telemedicine, especially for healthcare providers on the go. A recent study by Joseph et al. demonstrated the number of teletrauma consultations increased substantially when rural hospital physicians and the on-call trauma surgeon at the urban-based Level I trauma center carried password-protected (in accordance with HIPPA regulations) smartphones as compared to older, stationary telemedicine systems [19••] . This study confirmed smartphones are a great method for trauma surgeons to continue their virtual presence in remote hospital locations to help provide better traumatic patient care. Not to mention, smartphones are cost-effective, easily replaceable and provide great mobility then other forms of telemedicine technology [19••, 20] . It is important to continue to integrate smartphones into the education and care of traumatic patients. As smartphones continue to evolve, the development of new Bmobile apps^as well as continued advancements in smartphone virtual presence will not only improve trauma care, but all of healthcare throughout the world.
Telepresence in Trauma
Trauma telepresence, a concept evolved from telemedince, is when a trauma surgeon can have a virtual presence in trauma bays in remote locations assisting in the decision-making and care of an injured patient as well as providing additional trauma management education. Although advancements in technology now afford the ability to create an environment that mimics flawless motion, audio and video transmission, telepresence still remains underutilized as trauma systems worldwide are constantly figuring out ways they can incorporate this new technology [3••]. Trauma surgeon telepresence is now being used to identify knowledge gaps and the needs for instituting new outreach educational programs. As equipment is becoming more Buser friendly^and less expensive, the perceptions of teletrauma and telepresence are evolving to become a vital component of modern care for the injured and acutely ill. It has successfully been used from simple surgical consultations with low bandwidth, to intraoperative guidance, to transatlantic spectacular surgical interventions, to disaster response scenarios. However, as more studies develop showing the benefits of telemedicine and telepresence, its utilization can only increase.
Benefits of Telemedicine and Telepresence in Trauma
Having the virtual presence of a trauma specialist in remote location emergency rooms has many advantages, not only for the patient but also for the team directly caring for the patient and the hospital system. These benefits are even seen if the patient is eventually transferred to the tertiary trauma center as the receiving physician would have been involved early on in the decision-making of the patient's care. Remote and underserved emergency departments usually do not see high volumes of trauma patients. Therefore, when a serious trauma presents itself, chaos and anxiety can ensue from inexperience. Having an experienced trauma surgeon virtually present in the emergency room that can see the patient and everything going on can help calm the team and make sure that management errors or deviation from standard of care does not occur [8] . Physicians and nurses have an ethical obligation to all patients to avoid causing further harm and provide optimal evidence-based care which may not always occur if the remote hospital does not see trauma patients on a regular basis [15] . During the initial assessment phase of a trauma, the virtual trauma surgeon may be able to defer time-consuming procedures and expedite transfer to the trauma center [15, 21] . Furthermore, the consultant trauma surgeon can answer remote staff questions directly providing immediate feedback such as guidance on airway management, fluid resuscitation, early administration of blood products, and recommendation of best practices for reversal of therapeutic anticoagulation [15, 21, 22] . The trauma surgeon will also be able to visualize the patient and their injuries adding a fourth dimension to the decision-making process for patient care. Ultimately, telepresence facilitates a rapid and safe transfer from the remote emergency room to the urban trauma center avoiding untimely delays [15] .
This leads to the next benefit of telemedicine and telepresence in trauma, which is that of providing continual medical education [8] . Debriefing after all trauma situations, hosting extracurricular teletrauma conferences, and being able to provide specific patient care feedback via telepresence allow remote hospital physicians and staff to continue to expand their knowledge and keep up with new trauma standards. Effective communication is key to any teletrauma system and must be present in order to provide appropriate and safe care for the patient. The common focus for any trauma situation should be the patient, and to achieve this, a nonhierarchical and collaborative relationship must exist between the virtual trauma surgeon/specialist and the remote hospital staff [15, 23] . By improving communication and developing strong relationships with remote hospitals, continuing trauma education will be optimized and patient care will not suffer as a result.
One of the most beneficial aspects of having a trauma surgeon virtually present at remote hospitals is the decrease in costs to all entities involved, including the patient [8, 12•, 15] . The experience at many trauma centers is that a large number of patients are transferred from remote hospitals to the trauma center when in fact they could be adequately managed at the remote hospital with the virtual presence of a trauma surgeon or specialist [8] . The cost of unnecessary transfers is significant not only to the patient but also to the accepting facility, as they must invest time and resources into caring for the patient when the patient could have been properly managed at the remote hospital. Furthermore, unnecessary transfers utilize emergency medical system providers that may otherwise be needed in the community tending to other patients. This is particularly seen in patients with soft tissue or burn wounds. A recent study by Latifi et al. demonstrated that with the implementation of a telemedicine and telepresence trauma system, 17 unnecessary transfers were prevented with an estimated $104,852 in savings just from transfer costs alone (saving an average of $19,698 per air transport and $2055 per ground transport) [12•] . The savings from prevention of one unnecessary air transfer was enough to pay for the entire cost of one telemedicine system at the referring hospital (not including fixed costs such as Internet access, installation, and maintenance) [12•] . This is a very important point, as one of the biggest pushbacks to implementation of a telemedicine/ telepresence system is the start-up cost for the system itself. As demonstrated by this study, the cost savings accrued through implementation is significant and should not deter hospitals from developing a telemedicine/telepresence program.
Another study conducted by Duchesne et al. examined 814 injured patients seen at local community hospitals over a 5-year period. The patients were divided into two groups: 315 patients before implementation and 463 patients after implementation of a telemedicine program with the university trauma center. Before implementation, all 351 injured patients were transferred to the university trauma center for definitive care. After implementation, however, all 463 patients received virtual consults resulting in only 51 patients being transferred to the university trauma center. Not only was this a huge cost savings to the health system of $6,505,941, there was also a decreased length of stay for patients at the community hospitals by 45.5 h and a decrease in time to transfer to the university trauma center by 11.3 h [13•] . Furthermore, the university trauma center was able to use their telemedicine program to facilitate the training and placement of specialty trained nurse practitioners in the rural community hospitals to work under direct clinical supervision by the emergency staff at the university trauma center via the telemedicine video link [13•] . This virtual presence is a great example of how teletrauma can not only make patient care more effective and efficient, but can reduce healthcare spending and provide education to allow for specialized trauma healthcare providers in remote hospitals.
Rural Vermont has also established a teletrauma system and has had great success thus far, especially in the area of decision-making for early disposition. In an early study of the teletrauma program in Vermont, 41 teletrauma consultations were completed, of which 31 patients were recommended for transfer to the trauma center and 59 % of these transfers were recommended for immediate transfer given their critical nature [10, 24•] . Furthermore, 15 % of the consultations resulted in the trauma surgeon recommending keeping the patient at the rural hospital [10, 24•], a definite cost saving to the health system. Although patient disposition was the most common focus of these teletrauma consultations, other recommendations included whether to obtain additional imaging, placement of a chest tube or nasogastric tube, and administration of blood products [10, 24•] . Lambrecht also demonstrated the effectiveness of telemedicine in trauma through the evaluation of extremity and pelvic fractures [3••, 25••]. Orthopedic specialists evaluated 100 injured patients through telemedicine technology with an average of 8.6 min per teleconsult. Of these 100 patients, 68 were deemed appropriate to remain at the rural community hospital for care with zero significant adverse outcomes observed [25••] . Both of these studies further support the benefits of telemedicine/telepresence from not only a patient management and educational standpoint but also from an economical standpoint. Teletrauma has the potential for a large decrease in healthcare cost because of the lack of insurance in this patient population [13•, 26] . Furthermore, treating patients away from their families and support system is definitely a tough situation for everyone.
Teletrauma extends well beyond the USA to other remote areas of the world. Over a 1-year period at the Aberdeen Royal Infirmary in Scotland, teleconsultations were performed for 120 patients: teleradiology was used for 116 patients, videoconferencing for 76 patients, and telepresence for 4 patients [27] . Use of their teletrauma system prevented 70 unnecessary transfers resulting in dramatic healthcare savings [27] . In Taiwan, the use of video-telemedicine significantly reduced the frequency of unnecessary air medical transports from 16 31] . Twenty total patients were analyzed with successful recognition of hemoperitoneum in five cases and pneumothoraces in two patients, not to mention the great educational benefits that accompanied the use of this teletrauma technology [31] . Finally, military medicine has been very interested in the potential of teletrauma given the obvious logistical problems involved during wartime. Telemedicine has already been successfully utilized in the Gulf War, Bosnia, and Macedonia [32] [33] [34] [35] and as this technology continues to expand, so too will the military applications.
Telemedicine/Virtual Presence in Intensive Care Medicine
Tele-ICU is becoming more and more prevalent. The term tele-ICU is now used to describe an idea of healthcare in which a centralized critical care team is networked with the bedside intensive care unit (ICU) team and patient via audiovisual communication and computer systems. A recent review reported that formal ICU telemedicine programs now supervise about 11 % of non-federal hospital critically ill adult patients and have demonstrated a decrease in hospital mortality and shorter ICU and hospital length of stay [36] . ICU telemedicine consists of remote surveillance of ICU patients using fixed installations, either continuously or during nighttime hours. Telemedicine can potentially improve ICU outcomes by increasing access to the experienced and board-certified intensivists and trauma surgeons facilitating early recognition of physiological deterioration, decision-making, and continuous education and training of healthcare providers working in remote or underdeveloped hospitals [37, 38] . There are some logistic barriers to the broad adoption of ICU telemedicine, however, including the high technological costs as well as lack of consensus about how and where it is best applied.
A recent literature review of 91 studies on tele-ICU found that 46 of these studies assessed clinical outcomes, 36 assessed workload and staff acceptance, and 9 assessed cost and financial indicators. Of the 46 studies assessing clinical outcomes, a decrease in hospital length of stay and decrease in mortality were noted in all but 6 of the studies. Additional literature review of 25 tele-ICUs in the USA found that implementation of telemedicine programs favorably affected morbidity rates and length of stay [30, 39, 40] . Future research and technological transformation that reduce costs and improve overall outcomes may change the implementation patterns of ICU telemedicine facilitating its adoption in more hospitals throughout the world.
Telemedicine Functions for Trauma and Disaster Management
The most common form of telemedicine/telepresence is that of inter-hospital programs, which we have spent a great deal of time discussing above. Another advanced technological function, however, is that of pre-hospital to hospital connectivity. This has been developed in the form of digital ambulances and mon- Additionally, telemedicine and telepresence technology has advanced to the point where we can now provide deployable mobile telemedicine systems [3••]. These deployable systems are compact enough to easily be carried by a few individuals and utilize email, telephone, and Internet services to provide telemedicine/telepresence with specialists all around the globe. Obvious application of this technology is for the military, briefly discussed above, however, other applications include expeditions to remote areas of the world (i.e., Mt. Everest) to help monitor individuals ensuring their safety and preventing additional injury or illness.
Virtual Presence in Follow-up and Burn/Wound Care in Trauma Patients
Another great application of telemedicine/telepresence is follow-up care for trauma patients. A study out of Kentucky assessed 22 trauma patients for follow-up utilizing a single nurse, electronic stethoscope, and close-up imaging instrumentation [41] . Average duration of each video-conference appointment was 14 min with both patient and physician satisfaction scores resulting very high [41] . Furthermore, these follow-up appointments demonstrated significantly decreased travel distances and time [41] . A survey was completed after these follow-up teleconference appointments and all patients involved agreed with the statement BTelemedicine makes it easier to get medical care^ [41] .
Telemedicine/telepresence has also shown promise in the field of wound care and care for the burn patient. A recent study demonstrated agreement between onsite and remote surgeons match for wound description and wound management. Sensitivity of remote diagnosis ranged from 78 % for gangrene to 98 % for identification of a problem with wound healing, respectively, whereas specificity ranged from 27 % for erythema to 100 % for recognition of ischemia [42] . Furthermore, in a recent review by Atiyeh et al. looking at the use of telemedicine and burn care, the feasibility of burn care to remote hospitals has been demonstrated throughout the world [43] . Not only has telemedicine/telepresence allowed the delivery of acute care to burn victims by guiding lessexperienced surgeons managing the patients, it has been employed for the long-term management of these patients, decreasing resource utilization and improving patient satisfaction [43] . Most importantly and similar to the acutely injured patient, it has allowed for better triage of burn patients, reducing unnecessary time and resource-demanding referrals that might overwhelm healthcare system capacities [43] .
Clinical Accuracy and Satisfaction of Telemedicine/Telepresence in Trauma
The clinical accuracy of teletrauma has been assessed in a variety of studies. When telemedicine/telepresence was used for minor trauma consultation compared to face-to-face consultation in 200 patients, skin color changes were accurately defined in 97 %, the presence of swelling and deformity in 98 %, diminished joint movement in 95 %, presence of tenderness in 97 %, weight bearing and gait in 99 %, and radiologic diagnosis was made correctly in 98 % of cases [8, 25••] . Severity of injury was only overestimated in one case and underestimated in five cases [8, 25••] . Other studies have similarly demonstrated that remote evaluation of trauma patients using telemedicine/telepresence was accurate and feasible [42, 44] . However, caution must be exercised when using teleradiology for subtle orthopedic injuries. Two recent studies did demonstrate differences in accuracy, sensitivity, and specificity with identification of subtle fractures utilizing teleradiology [45, 46] . Although it important to recognize these subtle fractures and address them appropriately, the likelihood of these subtle fractures being the difference between life and death is extremely low. As technology continues to improve, however, we anticipate this discrepancy will likely decrease.
One of the major issues that has been examined and continues to be a concern for those involved in telemedicine/ telepresence is that of patient and healthcare provider satisfaction. There have been a variety of studies conducted to analyze patient satisfaction with an overwhelming approval of the process, mainly because patients received high quality care without having to travel long distances away from their families to receive the care. When a study was conducted including 52 brain-injured patients that were interviewed via high quality teleconferencing, all the patients were very satisfied with their sessions and wanted to repeat it more than those patients interviewed in person [8, 25••] . Furthermore, 83 % of physicians at the remote hospitals and 61 % of consulting trauma surgeons felt that the teletrauma consultations improved patient care with 67 % of all physicians involved believing the consultation could not have been performed as well by telephone [10, 24•] . This study further reinforces the effective and educational use of telemedicine/telepresence where both patients and the referring doctors benefited greatly from the expert opinion at a distance.
One of the major concerns of telemedicine/telepresence is that of liability. If the consultant is based in another state or country, certification and licensure requirements may differ [15] . Although this is a concern and that it is crucial all hospitals involved identify and address these variations (likely during program development), there have been no reported incidences to date of telemedicine/telepresence malpractice [12•] . It is more likely that malpractice would ensue without the telepresence of a specialist, especially if standard of care is not followed at the remote hospital. Furthermore, some states are now paying for telemedicine consultations, relieving some of the liability of the remote hospital and staff [12•] .
Conclusion
The evidence, advancement, and effectiveness of teletrauma and telepresence are unquestionable, despite the previous initial high cost of setting up these systems. These services will only continue to grow with the advancement of off-the-shelf technology that has revolutionized communication technology. Telemedicine and telepresence is and will continue to be a major tool not only in the initial care of traumatically injured patients but also for in-patient critical care, trauma education and training, and trauma patient follow-up. Current teletrauma technologically allows consulting trauma surgeons to provide guidance to remote hospitals in terms of diagnostic studies, procedures to be completed, blood product administration, and overall disposition for the injured patient. Studies have repetitively demonstrated that teletrauma is now more costeffective than before by preventing unnecessary transfers.
Furthermore, teletrauma is potentially life-saving by promoting early transfer when medically necessary. Teletrauma has also shown to be safe for both remote physicians providing care as well as the patients receiving care and it has improved patient satisfaction by decreasing time patients are away from family. As telemedicine/telepresence continues to develop, so too will its application in trauma care across multiple disciplines.
Telehealth technology has the latent potential of refining healthcare training, education, and research. Key improvements will emerge from research and further development of telemedicine, and with incorporation of these technologies into the healthcare system, standards of healthcare can be revolutionized and homogenized. Federal health institutes can further enhance utility and effectiveness of telemedicine by playing a lead role in facilitating telehealth innovation, establishing specific research goals, setting up collaboration/ demonstration centers, and facilitating access to cyber-infrastructure. These efforts will not only enhance healthcare training, education, and research activities across the USA but around the world. 
